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TOM TAT

Khi cong nghé truyén thong khéng day Bluetooth mang luéi (Bluetooth Mesh: BM) ra doi, né
dd dwoc g dung vao rdt nhiéu linh vuc khac nhau. Trong dé, chiéu sing trong nha la mét
trong nhing vumg dung chinh dwoc hé tro boi BM. Véi mét hé thong mang khong day, mot thong
0 quan trong de danh gia chdt heong ciia hé thong la ti 1é chuyen giao goi tin. Trong BM, c6
nhiéu thong 50 cau hinh danh hwéng dén ti 1é nay nhw cdc cau hinh vé thoi gian, khoang thoi
gian, $6 lan truyén tin nhan, gid tri TTL (Time-To-Live), tinh ndng chuyén tiép,... Do dé, bai bdo
nay s€ mo phong mot hé thdng chiéu sang sir dung BM méi truong trong nha voi cdc cdu hinh
TTL va tinh nang chuyen tiép khac nhau, tiv d6 dwa ra danh gid vé sw anh huéng cia cac cau
hinh, tinh ning nay dén ti 1é chuyén giao gdi tin.

Tir khoa: Truyén thong khong ddy; Bluetooth kiéu mang ludi (Bluetooth mesh); Chiéu sang thong minh.
1. MO PAU

Vao gitra ndm 2017, Bluetooth dua ra phién ban Bluetooth mang luéi (BM), day 1a bude tién
ndi bat cua cong nghé Bluetooth, gitip n6 duoc sur dung trong nhiéu linh vuc va tng dung cong
nghiép, bao gom ca chiéu sang thuong mai [1]. BM ¢6 nhleu dic diém phu hop voi cac hé thong
chiéu sang nhu vé mat ky thuat, né sir dung co ché nhay tan, gitp giam anh huong nhiéu gay ra
boi cac thiét b khong day khac; trong chiéu sang, cac thiét bi thuong duoc didu khién theo nhém
va BM hd tro t6t chirc ning nay véi co che xuat ban/ding ky cung véi co ché gui dit liéu ngap
lut duoc quan ly (Managed Flooding); vé mit nang luong, BM tiéu thy it nang luong, cho phép
cac thlet bi bi han ché vé ning lugng co thé hoat dong lau hon; v& bao mat thi trong BM, bao mat
la yéu cau bat budc, va nd su dung nhiéu co ché bao mat nhim bao mat toan bd mang. Ngoai ra,
hau hét cac thiét bi di dong nhu dién thoai théng minh, may tinh bang déu hd trg Bluetooth ning
luong thip (Bluetooth Low Energy: BLE), do d6, nguoi dung dé dang sir dung cac thiét bi nay dé
quan 1y, diéu khién va giam sat hé théng BM [1]. Nhitng hé thong chiéu sang, nhét 14 trong nha,
van phong hay trung tdm thuong mai 1a nhitg hé thong co6 sé luong thiét bi két ndi rat 16n, hang
tram dén hang nghin thiét bi va chung thuong b tri theo dang ludi, mat do cao. Chinh vi vay,
chiéu sang dugc coi 1a img dung co ban ma BM hudng dén. Trong chuin BM c6 dinh nghia, xiy
dung riéng cac mo hinh cho tmg dung chiéu sang, gitip viéc ap dung BM vao tmg dung ndy trd
nén don gian, linh hoat va thong nhét giita cac nha san xuét khac nhau [2].

He¢ thong mang chiéu sang thong minh sir dung BM duoc coi 1a mot hé thong mang cam bién
khong day. Va ddi véi mang cam bién khong déy, do tin cdy ciia mang la yéu cau cuc ky quan
trong. DY tin cdy lién quan dén nhiéu van dé va chiu anh huong boi nhiéu thong sd, nhu ti 18
chuyén giao dit liéu, d6 tré. O muc don gian nhat, mot hé thong tin ciy la khi moi goi tin duoc
gui boi mot thlet bi s& dugc nhan chinh x4c boi thiét bj nhan mong mudn. Di voi ngudi dung
cudi, thong sd c6 y nghia nhit dé danh gia do tin cdy la ti 1é chuyén giao goi tin (PDR: Packet
Delivery Ratio) hoic ti 1¢ goi tin 16i (bang 1 — PDR) [3]. PDR duoc tinh bang phan trim cua tong
s6 goi tin giri di dwoc nhan thanh cong trén téng sé goi tin guri di.

Trong thiét ké, phat trién san pham cac phuong phap mo6 hinh hoa va mé6 phong duogc st
dung bdi cac nha khoa hoc, k¥ sur dé c6 cai nhin sau sic vé hanh vi cta hé thong, tir d6 gitp thoi
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gian dua san phim ra thi trudng nhanh hon va thiét ké manh mé hon. Uu diém cua viéc st dung
cac cong cu m6 hinh hoa va mé phong la tiét kiém chi phi, cung cip kha niang thir nghiém céc
kich ban ma khé c6 thé dat duogc néu sir dung phuong phap thuc nghiém trén thiét bi, h¢ thong
thyc [4]. Str dung m6 phong cling cho phép thu thap duoc nhiéu thong tin vé hi¢u suat, do tin cay
ctia hé théng nhu PDR, ti 1¢ 151 bit (Bit-error Rate), thong lugng,... Do do, co thé thay dugc, mo
phong c6 vai tro quan trong trong qua trinh thiét ké, phat trién san pham, hé théng bao gdm céc
hé thong sir dung cong nghé mang BM.

Tir cac van dé trén, bai bao nay s& sir dung cong cu md phong dé mo phong mot hé thong
chiéu sang trong nha str dung cong ngh¢ mang BM. Cac kich ban mé phong sé thay do6i cac cau
hinh vé gi4 tri TTL (Time-To-Live) va tinh ning chuyén tiép, tir 46, dwa ra dénh gia vé ti 1¢
chuyén giao géi tin thu dugc.

Bai bao c6 cau triic gdm 5 phan: phan m¢ dau, tiép theo la gio1 thiéu Vé cong nghé mang
Bluetooth mesh & phan 2, phan 3 trinh bay kich ban thu nghiém, phan 4 1a trién khai va két qua
thir nghiém, phan cudi cing 1a két luan va hudng phat trién.

2. CONG NGHE MANG BLUETOOTH MESH

2.1. Mgt s0 khai niém, thuit ngir trong Bluetooth mesh

Céc thiét bi thudc vé mot mang BM, cu thé cac thiét bi c6 kha nang truyén va nhan ban tin,
dugc goi 1a niit (Node) hodc thiét bi duge cap phép (Provisioned Device), va cac thiét bi khac goi
1a thiét bi khong duoc cép phép (Unprovisioned Device). Qua trinh cép phép 1a qua trinh chuyén
d6i mot thiét bj khong duge cap phép thanh mét nit.

Ngoai ra, phéan tir (Element) 1a mt myc c6 thé dinh dia chi trong niit. Mot niit phai c6 it nhat
mot phan tir. Lién quan dén trao doi dir lidu giita cac phan tu, viéc trao ddi tuan theo mo hinh
Xuét ban/dang ky, va c6 3 loai dia chi dugc st dung trong mang la: don (Unicast), nhom (Group)
va ao (Virtual). Thiét bj giri s& xudt ban mot tin nhan t6i mot dia chi nhat dinh. Néu dija chi nay 1a
dia chi don, d6i tuong dich s€ 1a mot phﬁn ttr don nam bén trong mot nat. Nhung néu dija chi la
dia chi nhém hodac dia chi ao, cac phén tt mudn nhén tin nhin s& can phai dang ky tdi dia chi
nhém hoic a0 do, va chi cac phan tir da dang ky méi xir 1y tin nhan do.

Non-mesh BLE device

J I (thiét bi BLE khéng phai ludi)
L'
E Node (nut)
NV,
i i ‘:I Relay node (nut chuyén tiép)
AT o H -
A > B> Cc ™ .
\\ 2(\\ ) Proxy node (nut Proxy)
G i ;
D Friend node (nuat ban)
F Low power node (ntt nang liang thap)

Hinh 1. Vi du vé cdu tric lién két va cdc loai mit trong mang BM.
Céc nit trong mang BM ¢6 mét s tinh ning tiry chon, bao gom:
- Nut chuyén tiép (Relay Node): 1a niit nhan va truyén lai tin nhin nhan duoc, cho phep mo
rong pham vi cua mang. Theo cach ndy, nat hd trg tinh ning chuyen tiép s& phat (Broadcast)

cac tin nhin to1 tat c cac nut trong pham vi cta nd voi théng s6 TTL. TTL s& giam dan voi
mdi 1an truyen lai. Vi vay, mét tin nhin chi duge truyen lai khi TTL cua n6 16n hon mot.
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Ngoai ra, cic tin nhin dugc luu vao bd nhé dém, va khi mot tin nhin nhan dugc da ton tai
trong bd nhd dém, tin nhén d6 sé& tu dong bi loai bé va khong dugc truyén lai. Vi du nhu &
hinh 1, vi nat C ¢6 tinh ning chuyén tiép nén nut H c¢6 thé nhan duoc tin nhin do nut B
truyén di.

Nut cong suat thap (Low Power Node: LPN) va nit ban (Friend Node): Nat cong suat thap 1a
nut cé kha nang hoat ddng trong mang v4i chu ky hoat dong trao ddi tin nhéan giam dang ké.
N6i chung, chung 1a nhiing nat can tiét kiém ning luong str dung do sir dung ngudn pin han
ché. Thong thuong, ching danh phan 16n thoi gian dé truyén dir lidu, c6 nghia la, ching la
nguoi gui (vi dy nhu cam bién nhiét do gui dir liéu theo dinh ky hodc khi vuot ngudng cai
dat), mac du doi khi chiing c¢6 thé nhan tin nhan. Dé cho phép mot nat LPN giam chu ky trao
ddi tin nhin va tiét kiém nang lugng, nod can c6 mbi quan h¢ ban bé voi mot nat khac, duoc
goi la nat ban. Nut ban hd tro tinh nang két ban, hd trg nat LPN trong viéc tiép nhén tin nhin
bang cach luu trir va chuyén tiép cac tin nhan dugc giri dén nit d6. Chuyén tiép boi nit ban
dugc thyc hién theo yéu cau, khi LPN tham do ¥ kién ctia nat ban vé cac tin nhin dang cho dé
gui cho nd. Vi du ¢ hinh 1, nit F 1a nat LPN va nat D la nit ban cua nat F, nén céc tin nhin
gui téi nat F s€ duoc luu triy tai nat D, va nat D s€ guri cho nt F khi nat F hoi.

Nt Proxy (Proxy Node): nat hd trg tinh niang “Proxy” c6 kha nang chuyén tiép cac tin nhin
giita cac thiét bi Bluetooth khong phai 1a BM va mang BM. Vi du nhu ¢ hinh 1, mot thiét bi
BLE A khong phai thudc luéi van co thé trao doi tin nhan véi mang ludi théng qua nat B hd
tro tinh nang Proxy.

Mdi nat hd trg mot tap hop cac trang thai cau hinh lién quan dén kha ning va hanh vi ciia nit

trong mang. Vi du, cac tinh nang duoc hd trg bai nat (Proxy, chuyén tiép,...), dia chi ma nut dang
ky/xuat ban, cac khoa bao mat,...

Trong ddc ta BM c6 st dung thut ngit 1a mé hinh (Model). N6 lién quan dén xtur 1y dit liéu

giita cac nut dé hd trg cac ung dung trong céc kich ban khac nhau, va dinh nghia hanh vi ctia cac
nut dugce lién két voi chirc ndng cu thé. Moi phén tir ¢6 thé & cac trang thai (State) khac nhau
cling c6 céc thudc tinh lién quan. Vi dy, mot dén c6 thé duoc bi€u dien thong qua trang thai bat

tat

chung “Generic OnOff”. Piéu dang chu ¥ 13 cac trang thai chung c6 thé tai st dung va cho

phép tao ra cac md hinh mai nhanh chong. Cac trang théi co thé dugc quan 1y bang cac loai tin
nhan: tin nhan “GET” va “SET” d€ yéu cau va thay ddi gia tri ciia chung, va tin nhan “STATUS”

co
tin

thé dugc gui dé phan h?)i yéu cAu “GET”, yéu cAu “SET” ¢6 xac thuc, hodc doc 1ap nhu mot
nhan khong dugc yéu cau [5].

2.2. Tong quan vé kién tric Bluetooth mesh

Model Layer
(L&p md hinh)

Foundation Model Layer
(Lop mo hinh nén tang)

Access Layer
(L&p truy cap)

Upper Transport Layer
(L&p van chuyén trén)

Lower Transport Layer
(Lop van chuyen dudi)

Network Layer
(L&p mang)

Bearer Layer
(Lep mang)

Bluetooth Low Energy Core Specification
(PAc ta I8 Bluetooth nang lrong thap)

Hinh 2. Kién triic Bluetooth mang ludi.
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BM la mdt giao thirc mang sir dung ngin xép giao thirc BLE lam 15i chirc ning. Theo dic ta

Mesh Profile [6], ngin xép giao thirc BM c6 kién triic phan 16p gdm céc 16p nhu hinh 2. Cuy thé:

- Lop mo hinh: Xac dinh cac mé hinh duoc st dung dé chuén hoa hoat dong cua cac kich ban
nguoi dung, duge dinh nghia trong dac ta Bluetooth Mesh Model [7] hodc cac dac ta 16p cao
hon khac.

- Lép mo hinh nén tang: Xac dinh cac trang thai, tin nhan va cdc mo hinh can thiét dé cau hinh
va quan ly mang ludi.

- Lép truy cap: Xac dinh cach cac img dung 16p cao hon c6 thé st dung 16p véan chuyén trén; xac
dinh dinh dang cua dit liéu Gng dung; x4c dinh va kiém soat viéc ma hoa va giai ma dir liéu tmg
dung dugc thuc hién trong 16p van chuyén trén. N6 kiém tra xem dit liéu img dung nhan dugc
c6 ding khoa mang va khoa timg dung khong trude khi chuyén dén 16p cao hon xu ly.

- Lép van chuyen trén: Ma hoa, giai méd va xac thyc dir liéu ung dung, cung cap tinh bao mat
cta tin nhin truy cép. N6 cling xac dinh cach céc tin nhin kiém soat van chuyén duoc sir
dung dé quan 1y 16p vén chuyén trén giita cac nit.

- Lép van chuyén duéi: Xac dinh cach cac tin nhan cta 16p van chuyen trén dugc phan doan
hay lap rap boi nhiéu don vi dit liéu cua 16p van chuyén duéi, dé giri cc tin nhéin 16n cia 16p
van chuyen trén dén cac nat khac. N6 ciing xac dinh tin nhan diéu khién dé quan 1y viéc phan
doan va lap rap.

- Lép mang: Xéc dinh cach tin nhan van chuyén dugc giai quyét d6i véi mot hodc nhiéu phan
tir. N6 xac dinh dinh dang tin nhan mang cho phép dit liéu & 16p van chuyén dugc van chuyén
boi 16p mang; quyét dinh c6 chuyén tiép tin nhin, chap nhan hay tir chdi xr Iy tin nhan; xac
dinh cach tin nhin duoc ma hoa va xac thue.

- L&p mang: Xéc dinh cach trao d6i tin nhin mang gitta cac nut. C6 2 bd mang duoc dinh nghia
la bo mang quang ba va “GATT”.

- Dic ta 161 Bluetooth niang lugng thap: Sir dung ngin xép Bluetooth ning luong thap.

2.3. Mt s6 cAu hinh va tham s6 dnh hwéng dén dd tin ciy ciia mang
Phu thudc vao viée lua chon cdu hinh va trién khai phén mém, nhiéu van d& c6 thé anh hudng

dén hiéu suat, do tin cdy cua mang BM. Mot sO céu hinh d¢ 1a kha nang luu trir ciia b dém tin

nhan; cac tham s6 vé thoi gian, khoang thoi gian, s6 14n truyén lai cta tin nhan xuit ban, tin nhan
chuyén tiép va tin nhan 16p mang; loai y€u cdu c6 xac nhén hay khong xac nhén; gia tri TTL;
tinh ning chuyén tiép,... [5] Mot s6 tham sb cau hinh hay tinh ning néu diéu chinh khong chinh

X4c, c6 thé khién mang hoat dong kém hiéu qua, tham chi 1am gian doan thong tin lién lac cua

mang. Trong s6 cac cAu hinh trén, lya chon gia tri TTL va lya chon tinh nang chuyén tiép 1a van

dé dang dé quan tam:

- Luya chon gia tri TTL: Két qua cua viéc cai dat sai tham ) nay cé thé dan dén cac tin nhin
khong dén toi dich khi TTL thap hay dan dén su qué tai ciia mang khi TTL cao. Mt khac, khi
cac tin nhan x4c nhan duoc st dung (vi du tin nhan “STATUS”), cAu hinh TTL cho tin nhan
xac nhan phai phu hop voi kich thudc ciia mang.

- Lua chon tinh ning chuyén tiép: Viéc chon nut ndo ciia mang hoat dong nhu nut chuyén tiép
s€ anh huong dén mure tiéu thu nang lugng, dd bao hoa va d6 tin cdy ciia mang [5].

3. KICH BAN THU NGHIEM

Trong mot hé théng chiéu sang st dung BM, cac thiét bi dén, cong tic thuong hoat dong la
cac nut chuyén tiép hodc khong chuyén tiép va chung thuong duoc lap dat, sip xép theo dang
ludi, trong khi cac cam bién thuong hoat dong 1a nut LPN. Bai bao nay s& tip trung vao md
phong mot hé thong mang BM chi bao gdm thiét bi dén va cong tic, tirc 1a chi xét dén cac nit
chuyén tiép hodc khong chuyén tiép, khong xét dén cac nat LPN, Friend va Proxy. Mang BM
dugc trién khai trong mot toa nha hinh chit U - 12 mot trong nhirg dang nha phd bién trong thuc
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té nhu ¢ hinh 3. Bai béo s€ thyuc hién md phong mot s6 kich ban dé déanh gia ti 1¢ chuyén giao goi
tin trong mang voi cac cau hinh vé TTL va s6 luong nat chuyén tiép khac nhau. Loai tin nhin

dugc giri tir nlt ngudn tdi nat dich 1a loai tin nhan khong xac

thuc vai dia chi cua tin nhin 1a dia

chi don, chinh 1a dia chi cua nat dich. Chi tiét cac théng sé cia mang s& mo phong duge dua ra

trong bang 1.

Bing 1. Théng sé mé phong mang.

Théng sb Gia tri
S6 luong nut 72
Céc cédp nut nguén-dich 5-31; 26-10; 40-72; 69-37
Téng s6 goi tin giri boi mdi nat ngudn 30

Tdc do guri gdbi tin cua nit ngudn

3 goi tin/gidy

Khoang thoi gian truyén 16p mang 60 ms
Khoang thoi gian truyén lai goi tin chuyén tiép 60 ms
Khoang thoi gian quang ba 20 ms
Khoang thoi gian quét 30 ms
H¢ so6 tap am (Noise figure) 0dB
Cong suat truyén 0 dBm
Pham vi nhan dit liéu cua nut 7m
Khoang cach gitra 2 nut lién ké theo truc tung hoac hoanh 3m
Bluetooth Mesh Network
30
S4 D3
67- — — — 68 —969 g0 — — — M7———MPT2
251 By : L Sor o
BET < — We2 63 WA - — A5 P66
15 >F 4 | | Dyl |
| 2% | | | “ [ |
55— — M6 5T oh - — 5o 960
20 | | N A B e : : DL |
. 48— — s0- —3951 :m————ﬂérf 54
5 | 2 i | & |
£ 15 Fas s Das vae a7 a8
= | X | 2 | | L. | x4 |
5 D4 | [ | | 78T [
B 87 - — Ase- »39 S3 @4p L — it baz
g \ < | | | RN 2 T |
S 10+ SERA X | | e 55 [
D1‘3‘1***’6}*** b33 $oi — " — Ma5—~—W3%6
| Xl s2 »:".'}\v}
gt < — ¥ Sy 4 .26**7*2%*7'** f- ——— a0 —- =030
*] PSS SIS S SARe L SAUGE SAE WSS SABE A6 & AL 1
T S ST L Sl L S L o L S ST Sl ST S g X7 Sl S Sy
1L o33 L o33 1L €38 1L o33 1L €30 1L €33 1L €31 €0
| ) | ) [t e IS8T T 1S5 5425280 2 |
0 ] fp——— =3 ~ M~ ———@5———— e — W= —— =g~ ——— W9 @10
S1 D2
T T T T T T T
0 5 10 15 20 25 30

X-position (meters)

Hinh 3. So do hé thong chiéu sang sir dung Bluetooth mang ludi trong toa nha chit U.
Buong nét dut noi gitka 2 mit bat ky biéu dién chiing trong pham vi truyén-nhdn cia nhau.
Cac cgp nut nguon-dich twong ung la (SI1,D1), (S2,D2), (S3,D3), (S4,D4), (S5,D5).
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Céc kich ban mé phong 13 mot sb truong hop khac nhau vé cach chon va sb lugng hay ti 18
nut chuyén tiép c6 trong mang. Cu thé, ¢6 5 kich ban thir nghiém nhu sau:

- Kich ban 1: chon khoang 15% téng sd nat 1lam nat chuyén tiép, cu thé chon 11 nit chuyén
tiép 1a {69, 57, 45, 33, 13, 25, 27, 29, 40, 52, 64}.

- Kich ban 2: chon khoang 30% t tong s6 nat lam nat chuyén tiép, cu thé chon 22 nut chuyén
tiép 1a {13, 4, 24, 22, 12, 33, 45, 49, 56, 57, 50, 16, 7, 18,9, 35, 48, 53, 52, 60, 64, 65}.

- Kich ban 3: chon khoang 50% téng sé nat lam nit chuyén tiép, cu thé chon 35 nut chuyén
tiép 1a {67, 62, 57, 55, 50, 45, 43, 38, 33, 31, 22, 13, 11, 2, 23, 14, 5, 25, 16, 7, 27, 18, 9, 34,
29, 20, 46, 41, 36, 58, 53, 48, 70, 65, 60}.

- Kich ban 4: chon khoang 65% tong s6 nut lam nit chuyén tiép, cu thé chon 48 nut chuyén
tiép 1a {1,2,3,4,5,6,7,8,9, 10, 11, 21, 31, 37, 43, 49, 55, 61, 67, 20, 30, 36, 42, 48, 54, 60,
66, 72, 69, 63, 57, 51, 45, 39, 33, 23, 24, 25, 26, 27, 28, 34, 40, 46, 52, 58, 64, 70}.

- Kich ban 5: chon 100% tong sb nut 1am nut chuyén tiép, tirc 14 tit ca 72 nit trong mang déu 1a
nat chuyén tiép.

Ddi véi mbi kich ban, sé tién hanh mo phéng véi cac cu hinh TTL khac nhau la {3, 15, 27,

39,51, 63,75,87,99, 111, 123, 127}. Két qua cia mdi lan md phong 1a gié tri PDR.

4. TRIEN KHAI VA KET QUA THU NGHIEM

Mic du nhiéu nghién ciru d3 dwoc cong bd vé giao thire BLE, nhung chi dén nim 2019 méi
c6 mot cong cu md phong hd tro tinh toan hi¢u sudt ¢ cdp mang, d6 1a hop cong cu
“Communications Toolbox Library for Bluetooth Protocol”, 1an dau tién duoc gidi thiéu trong
phién ban R2019 cia MATLAB [8]. Hop cong cu nay cung cip cac chirc ning tudn theo tidu
chuén va cic vi du tham khao dé thiét ké, mo hinh hoa, mé phong va thir nghiém hé thong truyén
thong Bluetooth. Thu vién ho trg mé hinh lop vat ly, mo hinh 16p giao thirc, m6 hinh mang ludi,
mé phong mue lién két,... D6i voi Bluetooth mesh, hop cong cu cho phép mé hinh, mé phong va
phan tich mang va ngin xép giao thue Bluetooth mesh véi céc vi du di kem, trong d6 c6 vi du vé
danh gia va phan tich ti 1 chuyén giao goi tin [9]. Do vay, ¢ day s€ st dung hop cong cu nay cua
MATLAB, cu the la st dung vi du vé danh gia va phén tich ti 1¢ chuyen giao goi tin ma
MATLAB cung cap [10], dong thoi phat trién thém mot sb chirc ning khac dé ing dung vao mo
phong céac kich ban da néu & phan trén.
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Hinh 4. D6 thi PDR theo TTL ¢ cdc kich ban khéc nhau vé sé lwong niit chuyén tiép.
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Két qua mod phong duge biéu dién trong hinh 4. Dya vao két qua thu dugc, c6 thé thiy ring,
gid tri cau hinh TTL c6 anh huong dang ké t6i PDR. Vi du ¢ kich ban 35 nut chuyén tiép, PDR
khi TTL = 3 12 99.17% da giam 5% khi TTL = 99, tirc 1a chi con 94.17%. CAu hinh gia tri TTL
mic dinh trong BM 14 127 khong dam bao viéc s& cho PDR tt nhit vi & kich ban 72 nit chuyén
tiép, khi TTL = 127 thi PDR = 96.67% trong khi v6i TTL = 3, PDR d ting 1én toi da 1a 100%.
Ddi vé6i viée lua chon tinh nang chuyén tiép trong mang, viéc lua chon ndy cé anh huong nhiéu
t6i PDR. Vi du & truong hop TTL = 127, chénh léch PDR giita kich ban 22 nut chuyén tiép
(PDR = 98.33%) va 11 nit chuyén tlep (PDR = 68.33%) 1€n t61 30%. Céu hinh méc dinh la tat ca
cac nut trong mang déu 1 nat chuyén tiép s& khong dam bao viéc s& cho PDR t6t nhat. Vi du
cung voi TTL = 39, kich ban mgc dinh la 72 nut chuyén t1ep c6 PDR = 95.83% nho hon so véi
kich ban 22 nat chuyén tiép v6i PDR = 98.33%. Cling tur két qua va cac nhén xét trén, c6 thé rat
ra két luan rang: trong mang BM, dé thu dugc PDR t6t thi can c6 su lya chon dong thoi gia tri
TTL va cac nut chuyen tiép phu hop, céac cau hinh méc dinh nhu TTL = 127 va tit ca cac nat déu
1a nat chuyén tiép s& khong dam bao PDR t6t nhat. Vi du, dbi voi mang BM dang mo phong, chi
can chon TTL = 3 va 22 nut chuyen tiép da c6 thé thu dugc PDR t6i da 1a 100%, trong khi néu
v&i cau hinh méc dinh TTL = 127, tat ca nat 1a nat chuyen tlep, PDR chi dat 96.67%.

5. KET LUAN VA HUONG PHAT TRIEN

Bai bao nay di mé phong mot hé thong mang Bluetooth mesh trong méi trudng trong nha sir
dung cong cu MATLAB. Két quéa thu dugc tir md phong 14 ti 1¢ chuyén giao géi tin véi mot s6
kich ban thay d6i vé ciu hinh gia tri TTL va tinh ning chuyén tiép khac nhau. V&i su trg gitp
cta cong cy mo phong, cac kich ban dugc thir nghiém mét cach dé dang hon. Tur két qua cua cac
kich ban nay di cho thay rang céu hinh gia tri TTL va tinh ning chuyén tiép c6 anh huéng nhiéu
toi ti 16 chuyen giao goi tin; can phai ¢6 su lwa chon dong thot gia tri TTL va tinh nang chuyén
tiép phu hop dé giip hé thdng c6 thé dat dugc ti 1¢ chuyén giao goi tin tot. Van dé nay 1a co s¢
cho hudng phat trién tiép theo cta bai bao, d6 1a can phat trién thuat toan tw cAu hinh ma dbi voi
mot mang Bluetooth mesh bat ky, thuat toan s& gitip hé thong tu dua ra dugc cdc cAu hinh TTL
va tinh nang chuyén tiép phu hop.
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ABSTRACT

Evaluating the packet delivery ratio in indoor smart lighting system
using Bluetooth mesh communication

Nowadays, Bluetooth mesh is widely used in indoor lighting systems. The packet
delivery ratio is an important parameter to evaluate the quality of a wireless network. In
Bluetooth mesh, there are many configurations and parameters affecting this ratio. This
paper will use a simulation tool to simulate a smart indoor lighting system with the change
of TTL (Time-To-Live) configuration and relay feature, thereby evaluating the influence of
these configurations on the packet delivery ratio.

Keywords: Wireless communication; Bluetooth mesh; Smart lighting.
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